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LlGirr-EMITTINQ APPARATUS 

BACKGROUNn OP TNVT!^r^TOn 

This invention relates to a light-emitting apparatus 
having a GaN semiconductor light-emitting device- Mnr*^ 
particularly, the present invention rclatcc to an improvement on e 
light-emitting apparatus having a semlcondiictor lignt-emitting 
device integrated by flip chip bonding. 

GaN semiconductors have been attracting attention as a 

material for light— emitting device emitting h^lue to green light- A 
light-eanitting diode opmpria ing such a GaN semiconductor is 
incorporated into a light -emlfcing apparatus as follows. Since a 
general light-emitting diode uses an insulating sapphire substrate/ 
a Dair of electrodes (i.e.* a negative electrode and a positive 
electrode) are providad on the upper side of the semiconductor layer. 

A first lead frame lias a muunu^ uiiUu whitjh ti substrate ot 
a light-emitting diode is adhered with the semiconductor layer up 
so that the semiconductor layer faces the dominant light emitting 
direotion of the light -emitting apparatus. The negative electrode 
and th« positive electrode of the light-eioitting diode are connected 

to the tirst and second lead trames, respectively* Theao members 
are encapsulated in a transparent sealing resin/ such as an epoxy 

resin , 

In the a±>ove-deficri±jed light— emitting apparatus, IjIue^ 
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green light generated in the light-emitting layer in the 
semiconductor layer Is transmitted through the sRminnnriiint.nr layer 
and oioitted outside or reflected on the mount of the f irat load frame/ 
tx.<*utfiuiLCt;d through the semiconductor layer again, an<l emitted 
outside. Accordingly r the direction perpendicular to the 
semiconductor layer is the dominant light -emit ting direction- Fnr 
more details, JP-a-7-235558 can be referred to- 

Qowever/ cuiivwiiLiunal sealing res in, such as an epoxy resin, 
is liable to color change, and the color change is accelerated by 
beat. According to the inventor's study, a sealing resin is observed 

to undergo cfradual r?olny rhAng*^^ tn yellow to brown around a 
eemiconductor layer that ic aocompanied by heat generation while 
enilttiiig light. The resin thus yellowed or browned absorbs blue to 
green light emitted from the light -emitting diode* That is,, the 
brightness of a light-CTiitting apparatus (the quantity of light 
emitt^'d outside tlirough the sealing resin) is reduced with the 
progress of color change of the sealing resin. 

in order to solve this problem, flip chip bonding has been 
proposed^ in which a liqht-emitting diode is reversed, and the 
n<?^gritive and the positive electrodes are mounted directly on the lead 
fratnea by soldering, etc. For more detail/ cctn be 

referred to. According to this structure, the heat generated from 
the light -emitting device is easily dissipated outside through the 

l^aH f^r^m^.p, fir> th^t the color change of the sealing resin can be 
Suppressed. 
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The distance ba-tween the negative and the positive 
electrodes is governed by the size of the light -em it ting Hwifr^*, 

which is as small as about 3 50 pdSLm On the other hand/ since a lead 

* 

liiiiutv i» IvLuit^d by metdl ssheet worKlngr the working preclaion is 
limited to the metal sheet thickness (e.g., 0.5 itua) . Therefore, it 
is difficult to work a metal sheet in conformity to the distance 
bet^^een the dleotxrod^ft of a light-emitting devion. Accurnxng precise 
meLaJL sheet wuxKliig i,^ pu»»ible, it is exrrenieLy dlfficuli: and 
impractical to fix the electrodes on the mounts of lead frames with 
positioning accuracy on the order of microns. 

A 1 i ght— Pin*T tt i ;=ipparatus using a sealing resin having 
dicpcrccd therein a f luorceccnt material to have the color of emitted 
light changed ia fcnown. Tor examplCr part Of blue light generated 
from a light-emitting device is absorbed by the fluorescent material 
so that orange light i$ emitted from the fluorescent material. The 

blue light that does not pass through the fluorescent material and 
the orange light emitted froia the fluorescent mateirial axe jniA«^d up 
so that the Light -emitting device emits white light as a whole ^ 
However, it has been difficult with conventional Light-emitting 

Appari^tiift of thisi type to secure color uncKang^ability of the emitted 
light fojr a long period of time because the sealing refein undergoes 

color change with time due to the fteat generated In the Light-emitting 
device* 
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SUMMARY QF TWT^KrTTnw 

Accordingly r an obj«rt". of the present invention is to sott-Ie 
the above-mentioned problem by providing on an industrial Scale a 
light-emitting apparatus having a yaw semiconductor Light- emitting 
device incorporated therein in the form of a flip chip. 

AQOther object of the invention Is to provif1<=i a light- 
ftmitting apparatiie; having a novel structure. 

Another object ot the present invention will then be 
illustrated. This aspect aims to provide a highly reliable 
Light-emit-ting apparatus with a new function* The Light-emitting 

apparatus according to this aspect is charact«ri2:^ in that the ba£e 
contains a fluorescent material , with the construction of the oLhtix 
elements heing the same as described xater.. 

The above objects of the invention are accociplished by a 
light-emitting apparatus comprising (1) ^ tranapairent bas#> madp^ nf 
an inorganic material^ (2) a first and a second bonding pad formed 
oa Lhe b«aae, (3) a C5<4rr stiiuicjojiductor Lignt-emltting aevice Having 
a first and a second electrode on one side thereof, (4) a first wire 
and a second wire which connect the first bonding pad to the first 
ele<!!trod& and the second bonding pad to thd second electrode, 
respectively^ (5) a fitst ^nd a. second, lead f rame ^ ( € ) a. Liaii»p<ix't;iit 

adhesive layer which fixes the transparent substrate of the 
semiconductor Xiight-^itting device to a first surface of the base^ 

and (7) a transparent resin which encapeulatee thd base, the 
Light-emitting device, the first and Lhe fieconJ wijL'efc, Lht^ £iitjL ciiid 
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the second lead frames, and the adhesive layer, wherein the base is 
f-iv^aH t.n tho first and second l«ad frames so that the substrate of 
the ©emiconductor liight-emittixtg device may face the UuitiiuciaL 

lignn-emitx-ing direction or tne liignt-envittiag apparatus^ and the 
first and second iiondinq pads are electrically connected to the first 
and second lead framfts, r<=!flj>«=H^t.ively . 

According to this structure, the substrate (of the 
semiconductor ijignt-emitting device) , the adhesive layer , the base, 
and the sealing resin are lying in this order on the light-emitting 
layer of the semiconductor light -emitting device in the dominant 

light-emitting direction, Mad^ of an inorganic? materiai, the 
substrate and the txise undergo little change in color* Must uf th« 
heat generated in the semiconductor layer during light ^russion is 
conducted to the other members and dissipated there before it reaches 
the sealing resin on the base. As a reanlt, tthf» rmI ing resin on 
the base is prevented from yellowing or brotming by heat^ 

Only the adhesive layer undergoes color change under the 
influence of the heat of the eemiconductor layer, but the influence 
of the heat upon the adhesive layer is lessened by the substrate 
interposed between the adhesive layer and tho eemiconductor layer. 
Therelore/ the degiee ul Lhe adhesive layer's color change is less 
than what would have been observed with the sealing resin directly 
covering the semiconductor layer in a conventional structure. 
Besides, because an adhesive layer can be made thin, the quantity 
oJC liyht UUac lu^y b*^ <Ab:!?vx.b^d by ci sumewhat colored adhesive layer 
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can be minimized* 

The sealing resin covering t:h« awm i nonrfnr+-.nr layer na'turally 
undergoes color change, but the inflnence of the color chatige is 
ntrgligible because the colored portion Is on the side opposite to 
th^ dominant LE side, where the electrodes of the semiconductor 
Light-emitting device are formed of a light-ref lect:ing m^tal and 
cover the entire eurfaco of the ecmiconductor layer, the light 
einlLLed from the L£ layer in the direction opposite to the dominant 
light-emitting direction is reflected on these electrodes. 
Therefore, the colored resin portion is substantially out of the 

light transmission path. 

According to the present invention, the semiconductox 
Light -emitting device is fixed on the base, and the base is attached 
to the first and second lead frames. Therefore, the demand for the 
working precision of the first and second lead frames can be relaxed 
by the design of the base and it ic o^eier to attach the base to the 
first and eecond lead frames . It has aow bt?en lUdde leaisible to attach 
the semiconductor device to the iead frames via the base in the form 
of a flip chip- For example ^ the first and second bonding pads are 
provided on each side of the seroiconductor Light-emitting device, 
whereby the distance betwaen the bonding pads is longer thaa at lc;fci:>t 

the external size ot the semiconductor Light-emitting device. The 
first and second bondinq pads are adhered to the first and second 

lead frames r respectively, whereby the working precision required 
of the lead frames is above the external size of the se^^iic^tjuductor 
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Light-emitting device. Talcing the margin between the seitiiconductor 
Light-eniitting device and ^Ach bonding part int_n rrons iH^^r^^irion, the 
demanded working procicion ia much lower than that called for in 
cc?nventional flip chip bonding, i.e., a precision corresponding ro 
the distance between electrodes. 

The longer the distance between the parts of the two bonding 
pads where they are bonded to the rccpoctivo lead frames, the Leas 
the demand for the working precis ion Ot the lead frames, and the easier 
the attachment to the lead frames . It is therefore desirable that 
the parts of the first and second bonding pads which are the most 

remote from each other (i.e., the o-utejc odges of the bonding p&d£ ) 
be even with the outer edges of the beae. Where the base is 
rectangular in its plane view^ the first and second bonding pad$ are 
preferably disposed substantially in parallel with the long side of 
the rectangular base or on the diagonal line of the rectangular base 
so that the outer edges of tho first: and second bonding pado may be 
remotest from each other. 

According to the present invent ioa^ a fluorescent material 
is not dispersed in the sealing resin but incorporated into the base 
to provide a light -emitting apparatxis in which color change of the 
sealing resin by heat can be suppressed , and light of a constcoit color 

can be emitted tor an extended period ot time. 

The fluorescent material can be dispersed in the baser or 

a film containing the fluorescent material can be laid on or buried 
in the base. The fluorescent material to be used is selected 




arbitrarily in accordance with the desired color of light- Where 
white light is desired, for example, a VAG-hflR*»H f Innwftnent materia.! 
can be combined with a blue light-emitting device. 



8 
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HRTRF nKSri^TPTTQN OF DRAWTMG5 

Fig. 1 1 n tiRtiratec a light -emitting apparatus 1 according 
to the invention r 

tig. 2 is a side view of a unit i wnicn is used in. tne 
light-^aitting apparatus 1; 

Fig. 3 is a plane viw of +:h«=» unit 2; 

Fig, 4 iG a plane view of an CiOj wafer before being cut to 
individual units 2; 

Fig- 5 is a plane view of a unit 3 uaad in the light-wtiitting 
apparatus 1? 

Fig- 6 ±s a side view of a light- fitting device 20; 

Pig- 7 is a aide view of a unit 4 having a base hcivliig a 
fluorescent material dispersed tnerein; and 

Fig* 8 is a side view of a unit 5 having a base having a 
fluorescent material-dispersed film layer- 

DETAXIiED DE5CRIPTTON OF PREFERRED EMBODIftfTFTNTS 

wholP^ yt tniicture of the present Invention 

Preferred embodiments of the present iriVention will be 

illustrated with reference to Pig- 1- The Light-emitting dovicc of 
the invention is compo&ed roughly u£ ct Ci.Gtii:ipcix:t^iiU base 10^ a 

light-emitting device 20, an adhesive layer 30, wires 40a and 40b, 
lead frames 50a and 50b, and a sealing resin 60- 

The transparent baso 10 is not particularly limited ao long 
as iLsi LrAjiS£jAri=;ac:y tu light dotis iiut substantially change with time. 
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it 12/ 



For example, the base 10 can be made of inorganic materials such as 
SiOa, sapphire, and borosilicate glass. The base 10 is not 
particularly limitod in ehape but is preferably rectangular in its 
plane view. xbei sLii^ <iud Uiicjkiiess uf the? base 10 axe decided 
5 appropriately in conformity vith the size of the semiconductor 
Light-emittiing device 20 and of the Light-<=atiitting apparatus 1. 

Taking a rectangular <ln a plan^ viov) base £or instance, a pair 
of opposing sides are preferably 500 to 5,ooo \iud. long^ still 
preferably 1,000 to 4,000 ^long, the other pair of opposing $ide5 
'%10 are preferably 500 to SrOOO um long, still preferably 1,000 to 
rT!: 4,000 }xm long, and th« thickness Is preferably 3 0 to 3,000 fjon, i&till 

j^T preferai>ly 5 0 to 1,000 pmm 

^^^^ As^p<iir of bunding pads 11a and lib made of an electrically 

conductive ^terial are provided on one side of the base 10* On the 
same side of N^he base 10 la an area where the s^iconductor 
Light -emitting advice 2 0 is to bo fixed- The bonding pads 11a and 
lib can b^made of aiw elccrtrically conductive mat ex"ial and are formed 

by parterning on rhe oase 10, The bonding pads lia and llt> may have 
a plurality of layer ma ko— gp— of dir^g'E ^ ig^ft 'i : jtitdLyrial ' feff H 

y.O Tt. 15» pr^f^.rr^d r.h;jt. t.ViA heading parts 11a and llta and the 

area therebetween where the Light— emitting device 20 is to be fixed 

be arranged on a substantially straight line. Where the base lo is 
rectangular in its plane view, the bonding pads 11a and lib are 

preferably formed on a snh5?'hflnt ia 11 y st-.rA i.rjht 1 i m^; llel to the 

25 long side of the base 10 or on the diagonal of the base 10, In case 

10 
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where the short: side is long enough/ the bondlnq pads 11a aad lib 
m^y h<» flrrflng*=»ri nn a Straight line substantially parallel to the short 
aide. Each bending pad 11a or lib is formed so as to laaximize the 
dJLsrance h^tween T;he lead frames DOa and t>vh merely to laciiitate 
5 working of the lead frames and attachxfvent thereto- This can be 
achieved by positioning the outftr ftdgft nf p^inh hondjng pad 11a or 
lib even with the outer edge of the base 10. 

on the base lO ia fixed tne eeaaiconductor l»ight-emitting 
device 20- The Light-emitting device 2 0 has a substrate 21, 
SlO GaN-based semiconductor layers, a negative electrode 26, and a 

positive electrode 27. The substrata 21 can be msido of any 
transparent tnaterial, such as sapphire- Each OaN" semicondacLor 
layer is formed on the substrate by w^ii-Known metal organic vapor 
phase epitaxial growth (MOVPE), etc- The negative electrode 26 and 
5 15 the positive electrode 27 are formed by an etching techniquRv fttn. 
5; in a usual manner. OChe negatives and the poiaitivc clcctrodca 26 and 

" 27 are both preferably made oX light-ref lect Ing marerials so that 

the light from the light-CTiitting layer which is in the direction 
opposite to the dominant light-fitting direction may be reflected 
20 and tum^ to the dominant light-emitting direction- By this 
mcLnipulaLlou/ a leah. u£ li^UL can b<=: p£,evt!iiLt=:dr diid Llit^ qu^iutity of 

light traveling in the domiaant direction increases. Materials 
useful as the negative electrode 26 and the positive electrode 27 
include AJ. , Au, and Rh. On© or mor© layare of these material e 
25 axe superposed Lo ionu «=;AC;h eleu;tiudt;- Tht;^ Uilt^'Kii<;;t>s oX t?ciL;li 

11 
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electrode is no-t particularly limited as far as is capable of bondinq. 
From the standpoint of tha time required for forming «flr!h «»iectrocle, 
5 00 oA to 50,000 Aie rocoiraacndcd • The positive electrode 27 could 
be made thinnej: by f urtliejr providing an electrode for bonding on the 
positive electrode 27- In this case^ it is rather preferred for the 
positive electrode to have some thiclcness to prevent a light 1 ft;»kAge 
from the electrode c±de. For cxoiuplc^ the positive electx-ode 
pr«f«rably has a thickness of 50 A or nvore, particularly 3 00 A or 

more- Most of the light generated in the LE layer of the Light- 
emittlnq device 20 havinq the above-described structure is, either 

directly or after being reflected on. th© eloctx'odosr transmitt^ 
through the transparent base 10 and fitted outside. 

The Light-eniittiag device 20 is adhered on its substrate 
to the base 10 via an adhesive layer 30 at the position between the 
bonding pads lla and lib. As a result, there exist, the adhesive 
layer and the transparent base 10 in thic order on the side of the 
substrate 21 of the Light— emitting device* LiyhL eiiuLU-Ued from tlie 
substrate 21 passes through the adhesive layer 30 and then the 
transparent base 10* 

The' adhesive layer 3 0 should be made of a transparent 
material, such as an epoxy resin- Such an organic material as an 

epoxy resin is not stable against heat and undergoes gradual color 
change to yellow to brown with time by the h^at generated in the 

Light-emitting device 20. The thus colored resin will absorb light 
from the Light -emitting device 20, affecting the quantity or liyht 
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emitted from the Light-Fitting apparatus 1. For tbLs reason, it 
is preferable to minimize the thickness of the adhesive layer 30 while 
securing adhosion of th« Light-emitting dovice 20. A preferred 
thic}cness of the adhesive layer 30 niAcltes off e*y-/ ctii «pvAy rersin is 

about 1 to 50 |iiTi- 

The neqative electrode 26 and the positive electrode 27 are 
conn^t^ to the bonding pads 11a and lib, respectively ^ by means 
af. tha resp^otiv^ V7ire<5 40« and 40b. Where the positive «le<-:Lrode 

2'i Is not thick enough , another bonding pad (electrode layer) can 
be provided thereon as mentioned above, to which the wire 40b is 
connected. 

The base 10 having the Light emit-ting dovico 20 adhered 
LliKitruii i6 luuuuLtjU vii a pair u£ lead frames 50a and 50b/ which are 
connected to an external power source, in the same manner as in flip 
chip bonding - That is, the base 10 is fitted to the leac^ frames 50a 
;qnd Sflh It) finrrh a iti?innf?r that the sid© of th^ substrate 21 of the 
light-e^ftitting device 20 faces the dominant light-emitting direction. 

Any electrically conductive material can be used to maKe the lead 
frames 50a and 50b. For example, lead frames 50a and 50b can be formed 
of an iron sheet and plated with sllvftr. Thft le^d fr?ktt\^.^ 50a and 
50b have rcopoctivc m,<=>unt3 5 la and 5lb which face the dominant 

light -emitting direction. Tne t^onding pads lia and lib of the base 
10 are fixed to the mounts 51a and 51b, whereby the substrate 21 of 

the Light-emitting device 30 fa^^f^R th<» dominant T.i ght-f^mitt in^ 
direction - 
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The lead frames 50a and 50b preferably have projections 52a 
and 52b, respectively^ which. dxt:«nd from the respective mountc 51a 
and 51b in the dotaitnant Light -emitting direction so that L\i*^ lighL 
emitted trom tne Ligut -fitting device 20 and diffused out of the 
dominant Liqht -emitting direction can be reflected on the wall of 
hhA prft jftr.hinnfl S7a anH S7h ^nd turned in the dominant Li^^ht-emitting 
direction* 

The t>a3e 10 can be mounted on the lead frames bua and 50b 
with solder, silver paste, and the like- B^ause of the sufficient 
distance between the bonding pads 11a and llb^ the lead frames 50a 

and 5 0b are well Spaced out- Thi^ ineanie that the lead frameo 50a 
and 50b can be foiiaed easily, and the base 10 can be iiKJuxiLt^l on the 
lead trames 50a and 50b with relative ease. 

The transparent base 10 r the Liqht-einittinq device 20, the 
adhesive layer 20, the wi rea CD ft ahH 4 0b, and th*» H pflrt frame's 5 0a 
and 5 0b arc encapsulated in a transparent sealing reain 60* An epoxy 
resin Is preferred. A urethane resin, etc. are also useful. Not 
only transparent and colorless resins but transparent and colored 
resins can be used as long as they are light -transmitting. For 

example, a transparent and colored roein oompr icing an opoxy resin 
having disperi:«ed therein aii appropriate pigment can be usedr Most 

Of the light rays emitted from the Light-emitting device 20 are 
released outside through the substrate 21, the adhesive layer :50, 
the base 10, and the sealing resin 60. 



99- 0- 2; 3:iS^f:^;NGB ^'At t ^1^7 CUSHKAN;i: :31 3 55 51 39 55 it 1;/ Jo 



§ 5 i: 





The present invention will now be lllustirated in grMi-.<^r 
detail by way of Examples with reference to Figs, 2 throngh 8- 

Fitj* 2 la a side view of a unit: 2 which can be used in rhe 
5 Light-emitting apparatus 1 shown in Fig. 1- The anit 2 is made up 
of a base 10, bonding pads 11a and lib, and a light -emitting device 

20. The base 10 ±3 made of SxO^ and has a t.hickiie33 of 200 \xm. aondinq 
pada ll«i dud lib iXLti £oj:iti«^ on t:h«s uppez: surface ot the base 10 . Each 

bonding pad has an Au/Ti double layer structure with the Au layer 
10 up. The Au and Ti layers are 3^000 A and 300 k in thickness, 
rf^p*>rti y - 

Tho liight-ctnitting device 20 (the structure, of which will 
Hi be described later in more detail) is fixed via an adhesive layer 

S3'' 

30 on the surface of the base 10 where the bonding pads 11a and lib 
p;l5 are provided. The adhesive layer 30 is made of a transparent epoxy 
Si r^in and ha^ a thickness of about 3 The negative electrode 26 

t: 

has a double layer structure compoaed of a 173 A thick V layer ats 
a lower layer and a 18,000 A thick Ai layer as an upper layer- 
Similarly the positive electrode 27 has a double layer structxire 

7 0 r:<-mipnsAf1 rtl^ A ."^^nnn & thick Rh layer* as a lower layer and a 5/000 A 
thick Au layer as an upper layer. The negative electrode 2€ and the 
positive electrode 2 / are electrically connected to the bonding pads 
11a and lib, respectively/ throuqh respective wires 40a and 40b- 

Firj. ? I*? a plane view of the unit 2. The base 10 is 
2 5 rectangular in its plane view. The bonding pads 11a and lib are 

15 
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formed on a straight line parallel to the long side L of the base 
10- The eHgft nf *>ach boriHing pari i^: even with the edge of the base 
10, The Iiight— emitting device 20 is fixed onto the base 10 in the 
middle between tne tsondjLng pads ilci and lib, 
5 The unit 2 is prepared as follows. As sho\«i in Fiq. 4, a 

bonding pattern 11 is fonned on an SIO^ glass wafftr (h;^fle), and a 
light-OTitting dcvioc 20 previously prepared in a conventional 
manner Is adhered on its substrate to tne glass wafer in the middle 
of every two adjacent bonding pads 11- The glass wafer wsb diced 
tto and cut along the dotted line to obtain the units 2 shovn In Fig. 

W 3 - 

Anothisr embodiment 

Fig. t> shous another unit The saiae meiubers as in Fig. 
3 are given the same numerals as used in Fig, 3, and the explanations 
15 therefor are omitted. The unit 3 has a square base 100 in its pi ^^n^^ 
view, and bonding pads 110a and 110b and the Light- ciuitting dcvic<2. 
20 ^re arrcinged on tx diagonal of tne tsase LOO. 
^^^^ X^5' ^ shows the structure of the Light -emitting device 20 
The Light -"slitting device 20 is a llght-®niitting diode composed of 
[20 a substrate 2^1, a buffer layer 22, an n-type Can layer, an active 
layer 2 4/ a p— t^^e semiconductor layer 25/ a negative elecLiode 26, 
and a positive e^ctrode 27* rhe specifications of these members 
are tabulated beloi 
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TABLE 1 





C on© o s it ion ; Dopant 


Thick-ness 


posit:.i.ve 
(27) 


Au/Rh 


5O0OA/ 

O \J U U A 


p-rype layer 
(25) 


p-type GaN:Hg 




activft lay«ir 
(24) 


quantum well layer: in^ ^^Ga^ 


35 A 




j^an. j.ex j.ayex x 


^0 A 




number of repetition of 
quantum layer and barrier 
layeri 1 to 10 




negative 
electrode 

(26) 


,A1/V 


18000 A/ 
175 A 


a-rype layer 
(23) 


n-type waustji 


4000 A 


bu:ffer l^yer 
(22) 


AlN 


500 A 


s\ibstxa.te 
(21) 


sapptiix'e 


3O0 iLun 



Each aemiconductor layer Ls foirmed by w^H-knoim MOVPE* 

wOvFJb; is carried out by causing ammonia gas and an alkyl compound 
gas Of the group III element,, e.g., trimethylgallium (TMG), 
trimethylaluxninuTii (TMA) or trimethyl indluia (TMT) , to pyroly^.ft on t.hA 
substrate preheated to an appropriate temperature thereby to let a 

desired crystal ot a confound semiconductor to grow on the substrate. 
After the p-type layer 25 is formed, a part of the p-type layer 25, 

the active layer 24 , and of the n— type layer 23 are etched to evpos^ 
the n-typc layer 23/ on which the negative oloctrodo 26 ic provided. 
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The negative electrode 26 and tti® positive electrode 27 have the 
above- specified structure and are formed in a conventional manner - 

Aftar alloying^ the wafer is cut into individual chips. 

The uulu 2 tfiXv^wu III Fig. 2 is fixed tu tlit; l«;ad frames 30a 
5 and 50b with its upside down as shown in Fig. 1 . That is, the bonding 
pads lia and lib of the unit 2 are attached onto th^ ](iK:)unts 51a and 
51b of the lead frames 50a and 50b by soldering. Xn Fig. 1 the light 
rxuin LUe Li^^liL— eiulLLiu^^ devj.;ji::s 20 Xa duailuaiiLly einlLted upx^rd as 

indicated by the arrows . 
10 The lead fraines 50a and 50b are formed by iron sheet workinq 

t^^hn iri«<=^fl , siir?h ;5S hl^^nkirig, frtll rnjt^d hy ftilvf=»r pl;itir*g- The lead 
framoc! 50a and 50b hoc mounto 51a and 51b to which the bonding pada 
lla and lib are fixed. The lead frames 50a ajid 50i) I:iav© projections 
52a and 52br respectively. The inner walls 53a and 53b of the 
15 projections 52a and 52b prevent the light frcro the Iiight-emitting 
device 20 from diffusin<tj laterally - 

The unit 2 €itt€iched to the lead frames 5 0a and 30b is 

encapsulated in a sealing resin 6 0 by molding in a usual manner. A 
transparent epoxy resin is used as a sealing resin. 

?n Ti'ig- 7 inii?ttr;^tAA A nnit 4 whinh nan hp used in another 

example of the light— emitting apparatus according to the invention - 

The seune members as in Fig, 2 are given the same numerals as used 
in Fig. 2, and the explanations therefor are omitted- A substrate 

?nf> i.fi nrt;^H<=» rtf AiO^ hAvi r^ij ri i^;per^!<7Hi therein fluorescent material 
25 201. A YAG fluorescent material is used as the fluorescent material 
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201* The uni.t 4 is bailt: up and assembled into a light-€mit:tinq 
apparatus in th^ ^amd manner as for t.h#» nn-tt: 7. Tn t.h.i.^ Ligfat- 
caaititiing apparatus ^ pajrt of the light: freatn the Light -emitting device 
20 Is atjsortieca by the fluorescent material 201 wnile passing through 
the base 200 to generate fluorescence. The fluorescence and the 
light that is not influenced by the fluorescent material are mivftti 
up BO that the Light-emitting apparatne omite white light ac a whole. 

Klg. 8 niustratBs a unit 5 which can be used similarly to 
the unit 4. The difference from the unit 4 lies in that a base 300 
has a 3-layar structure composed of a pair of SiOa layers 301 and 

303 and a fluorescent materiaX-ciispcrsed film layer 302 sandwiched 
therebetween. Similarly to the unit 4, a YAG fluorescent material 

is used here* xhe unit 5 is rixed to the lead frames and encapsulated 
in an epoxy sealing resin in the same. manner as for the unit 2, in 
the resulting Light-emitting apparatus, part of the light from the 
Light-omitting dovioo 30 i© absorbed by the fluorescent material 201 
while paasloy LhjLOti.yh LTte JCluuitJWUWi I judUtsi icil-dlspt^xiswi film layer 
3 02 to generate fluorescence* The f liaorescence and the light that 
is not influenced by the fluorescent material are mixed up so that 
the Light -emitting apparatus emits white light as a whole. 

The pertormance ot the Light-emitting apparatus 1 according 
to the invention was tested as follows- An electric current of 30 mA 

was continuously passed through the Light-eanitting apparatus in an 
atmosphere Jcept at lOCC, and the intensity of light emitted from 
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the apparatus was tneadured with time to obtain light intensity 
retention (%) (the initial 1 ight i n-hianftity t^ken as 100%). fTh^ 
results obtained arc shown in Table 2 below, in which Comparative 
Example is a conventional iilgtit-eiiiititiing apparatus having the same 
Light-emitting device as tested. 



TABLE 2 





X-ight Intensity Retention 

<*) 


Initial 

<0 hr) 


After 

1000 hrs 


invention 


100 




Comparative 
Excuuplt:: 


100 


75 



It can toe seen £roin the results that reduction in light 
intensity with tune i$ significantly suppressed in the Light - 
emitting apparatus of the present invention as compared with th<a 
comparative example. 

Willie Lh«^ iiiv^uUluii IiaiB bet^n d«2»crib«d in dt^tail and with 
reference to specific examples thereof, it will be apparent to one 
skilled in the art that various changes and modifications can be made 
therein without departing from the spirit and ecope thereof. 
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